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Introduction
Dynamic stochastic general equilibrium (DSGE) models have become a standard tool of modern macroeconometrics. The attractiveness of this class of models lies in the symbiosis of theoretical models and the forefront of macroeconometric analysis. As outlined e.g. in DeJong and Dave (2007) and Fernández-Villaverde (2010) the combination of rich structural models, novel solution algorithms and powerful simulation and estimation techniques lead to a very active and progressive discipline changing the way we think about macroeconomic modeling and economic policy advice. In this paper, we contribute to this area of research by employing an econometric technique, recently introduced by Inoue and Rossi (2011) , to test for parameter stability in a New Keynesian model estimated for the four largest countries of the European Monetary Union (EMU): France, Germany, Italy, and Spain. By doing so, we add to a vast literature that developed around the topic of economic integration within Europe. One of the important aspects of this ongoing and gradual integration process was the introduction of a common monetary policy in the EMU. Evaluating the overall macroeconomic performance in 2008, the European Commission (2008) summarizes that the record after almost one decade of the EMU looks quite favorable. More detailed analyses of European economic integration can be grouped into four distinct strands of literature. The first looks at the implications of a common currency for other economic institutions like regulation or wage setting; see e.g. von Hagen (1999) , Cukierman and Lippi (2001) , Jerger (2002) and Fratzscher and Stracca (2009) . A second one analyzes the (change of) different transmission channels of monetary policy (van Aarle et al., 2001; Angeloni and Ehrmann, 2006; Jarocinski, 2010; Hughes Hallett and Richter, 2009) . Thirdly, the availability of micro data, especially for loans and prices, led to a large literature that usually identifies statistically and economically significant convergence across countries due to monetary union (Beck and Weber, 2005; Popov and Ongena, 2011) . A fourth and relatively recent literature uses dynamic stochastic general equilibrium (DSGE) models to characterize the euro area or the economies in this region within some well-defined theoretical framework (see, e.g., Lee, 2009; Milani, 2009; Reis, 2009) .
Here, we contribute to the last strand and add the dimensions parameter stability over time and cross country comparisons. To do so we employ the ESS procedure ( " Estimate of Set of Stable parameters") introduced by Inoue and Rossi (2011) . This allows to pin down the subset of parameters of a model that are stable for an unknown break date. Following Inoue and Rossi (2011, p. 9), " ... our analysis focuses on the situation in which there is a single, unanticipated and once for all shift in some of the parameters of the structural model at an unknown time, and in which there is an immediate convergence to a rational-expectations equilibrium after the regime change." In the case of France, Germany, and Italy our results point to structural breaks after the beginning of the second stage of EMU in the mid-nineties, while the estimates for Spain show a significant break just before the start of the third stage in 1998. Specifically, there are significant changes in monetary policy behavior for France, Italy, and Spain, while monetary policy in Germany seems to be stable over time. We also find significant declines in capital and price adjustment costs in France, Italy, and Spain.
The rest of the paper is structured as follows. Section 2 presents the model. Data issues are discussed in section 3, whereas the ESS procedure is outlined in section 4. The results are presented and interpreted in section 5. Section 6 concludes.
The Model

Overview
The model we use for France, Germany, Italy, and Spain is similar to the standard closed-economy New Keynesian framework developed in Ireland (2003) . The model economy features a representative household, a representative finished goods-producing firm, a continuum of intermediate goods-producing firms indexed by i ∈ [0, 1], and a monetary policy authority. During each period t = 0, 1, 2, ..., the intermediate goods producing firms produce a distinct, perishable intermediate good, also indexed by i ∈ [0, 1]. The solution requires these firms to be treated symmetrically.
Before describing the model it is necessary to comment on the fact that we apply a closed-economy model to indisputably open economies. The most important reason is the obvious fact that we get around the notorious difficulties of modeling exchange rates and their implications for bilateral trade flows. In the present context, we are not particularly interested in those, since the exchange rate consequences of EMU on member states are pretty clear. Furthermore, openness makes it very difficult to characterize the process of capital formation that is a central part of the present model; see also the discussion by DiCecio and Nelson (2007) who apply a closed-economy model to the UK as well as the remarks of Obstfeld (2002) and Neiss and Nelson (2003) concerning closed-economy models.
We now proceed to characterize the decisions taken by households and firms before looking at the behavior of the monetary authority and sketching the solution of the model.
Households
The representative household enters period t holding M t−1 , B t−1 , and K t units of money, one-period bonds, and physical capital rented to the intermediate goods sector, respectively. In addition to this endowment, the household receives a lump sum transfer T t from the monetary authority at the beginning of period t. 
accrue to the household, where ϕ K ≥ 0 governs the size of these adjustment costs. The capital accumulation process is given by
with 0 < δ < 1 denoting the rate of depreciation and x t representing a shock to the efficiency of investment. This shock is specified as
with 0 < ρ x < 1 and ε xt ∼ N (0, σ 2 x ) as introduced by Greenwood, Hercowitz and Huffman (1988) .
The budget constraint of the representative household is given by
Facing this constraint, the household maximizes the stream of expected utility
where 0 < β < 1 is a discount factor and η > 0 measures the relative weight of leisure. Further, it can be easily shown that −γ is the interest rate elasticity of money demand. The utility function (3) contains two preference shocks, which are both assumed to follow an autoregressive process. More specifically, 
Firms
The final good Y t is produced by a firm acting in a perfectly competitive market, which combines the intermediate goods Y t (i) according to 
where
Each intermediate good i is produced by a single monopolistically competitive firm 4 according to the constant returns to scale technology
where 1 > α > 0 represents the elasticity of output with respect to capital. The technology shock z t follows the autoregressive process
As it is clear from (6), each firm i exerts some market power, but is assumed to act as a price taker in the factor markets. Furthermore, the adjustment of its nominal price P t (i) is assumed to be costly, where the cost function is convex in the size of the price adjustment. More specifically, following Rotemberg (1982) , these costs are specified as
where ϕ P ≥ 0 governs the size of price adjustment costs and π denotes the gross steadystate rate of inflation targeted by the monetary authority (described below). Due to the convexity of (8), the firm's problem becomes dynamic. It chooses h t (i), K t (i), Y t (i), and P t (i) to maximize its total market value
where λ t measures the period t marginal utility to the representative household provided by an additional euro of profits. These are distributed to the household as dividends, defined in real terms by
Monetary policy
Similar to Ireland (2001) monetary policy is represented by a generalized Taylor rule of the form
encompassing the standard Taylor (1993) rule (when ω µ = 0), where the monetary authority changes interest rates in response to inflation and output deviations. If ω µ is non-zero, monetary policy can be considered to influence a linear combination of the interest rate r t and money growth µ t = M t /M t−1 in response to deviations of inflation π t and detrended output y t from their steady-state values. Two alternative interpretations are that the central bank may simply respond to money growth because a) it wishes to protect the economy from the effects of money demand shocks or b) because money growth is a predictor of future inflation; see Christensen and Dib (2008) . The monetary policy shock υ t follows the autoregressive process
where 0 < ρ υ < 1 and ε υt ∼ N (0, σ 2 υ ). It is important to note that this characterization of the monetary authority does not even ask the question of optimal monetary policy. Being aware that there are a lot of alternative specifications of monetary reaction functions and that it might be doubtful to assume an identical specification of the monetary policy function for the four economies under consideration we would like to stress that we are much more interested in examining the statistical relationship between short term interest rates, inflation, money growth and the output gap in four different countries than in issues regarding the specification of monetary policy.
Solution and Estimation
The model is characterized by a set of nonlinear difference equations, namely the firstorder conditions for the three agents' problems, the laws of motion for the five exogenous shocks (2), (4), (5), (7), and (10) and the monetary policy rule (9). Two additional steps are required to close the model. First, in order to get from sectoral to aggregate variables, symmetric behavior within the intermediate sector is assumed, implying
Second, the market clearing conditions for both the money market M t = M t−1 + T t and the bond market B t = B t−1 = 0 must hold for all t = 0, 1, 2....
Since the model is nonlinear, no exact closed-form solution exists in general. An approximate one is obtained by calculating the stationary representation of the model, computing the steady state, log-linearizing the system around the steady state, and then applying the method of Blanchard and Kahn (1980) to circumvent stalling at a local peak.
Data
To estimate the structural parameters of the model we use French, German, Italian, and Spanish quarterly (seasonally adjusted) data for consumption, investment, money balances, inflation and the interest rate. While French, German, and Italian time series data run from 1980:Q1 to 2008:Q3, we decided to follow Burrriel et al. (2010) and drop the data before 1987:Q1 for Spain because the changes in the structure of the Spanish economy were too substantial in the early eighties. Consumption and investment are measured by real personal consumption and real gross fixed capital formation in per capita terms. Real money balances are constructed by dividing the monetary aggregate M3 (again per capita) by the consumer price index that is also used for our measure of inflation. The interest rate is measured by the three month money market rate. The data sources are detailed in the appendix.
Following Fagan, Henry and Mestre (2005), we deal with the break in the series for Germany due to re-unification by re-scaling the West German series for consumption, investment and money prior to re-unification by the ratio of the values for West Germany and Germany at re-unification. The time series for (logs of) consumption, investment and M3 are detrended using the Hodrick-Prescott (H-P) filter.
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Despite its relative simplicity, the model contains a large number of parameters that are difficult to estimate precisely on only five time series. Hence, a number of parameters had to be fixed prior to estimation. More specifically, η is set to 1.5 which implies that the representative household's labor supply in the steady state amounts to one-third of its time. In addition, the depreciation rate δ is set to 0.025, corresponding to an annual depreciation rate of about 10 percent and θ is fixed at 6, implying a steady state markup of prices over marginal cost of 20 percent. Lastly, we set the elasticities of output with respect to capital of each country equal to their respective average capital income share, calculated from OECD data. The steady state money growth rate of each country is set equal to the average rate of inflation for the whole sample under consideration.
Estimating the Set of Stable Parameters: The
ESS Procedure
In this section we outline the ESS ( " Estimate of Set of Stable parameters") procedure developed by Inoue and Rossi (2011) , that allows to identify the subset of parameters of a model that are stable over time. They propose the following recursive procedure. First, test the joint null hypothesis that all parameters are stable, using a consistent test for structural breaks. Following Inoue and Rossi, we employ Andrews' (1993) QLR stability test. If the null is not rejected, then all the parameters belong to the set of stable parameters. If it is, the p-values of the individual test statistics are calculated in order to test whether each of the parameters is stable. Then the parameter with the lowest p-value is eliminated from the set of stable parameters, since this is the one that is most likely to be unstable. Second, it is tested whether the remaining parameters are jointly stable. If they are, then the set of stable parameters includes those parameters; otherwise, eliminate the parameter with the second lowest p-value from the set, and continue this procedure until the joint test on the remaining parameters does not reject stability.
Two specific features of the ESS procedure have to be emphasized:
(i) The individual tests do not rely on the assumption that the other parameters are constant over time. If these parameters are in fact time-varying, a "one at a time approach" might lead to invalid results.
(ii) The ESS approach overcomes the problem of size distortions, which arises "... in existing tests for structural breaks when used repeatedly to test structural changes in more than one subset of parameters" (Inoue and Rossi, 2011, p. 1203 ). 
Results
Full Sample Estimates
Here we first report the estimates for the whole sample before moving to the identification of parameter instabilities in section 5.2. For each country table 1 presents the full sample maximum likelihood estimates of the parameters as well as the standard errors. The latter are computed using a parametric bootstrapping technique as in Cho and Moreno (2006) or Ireland (2007) . According to Ireland (2007) , this procedure simulates the estimated model for each country to generate 1000 samples of artificial data for real personal consumption, real gross fixed capital formation, real money balances, inflation, and the short term interest rate, each containing the same number of observations as the original samples of the four EMU countries, and then re-estimates the model 1000 times using these artificial data sets. For a detailed description of the parametric bootstrapping analysis we refer to Efron and Tibshirani (1993 
where a and σ a denote the point estimate of a parameter and the associated bootstrapped standard deviation, respectively, for country i, j ∈ {France, Germany, Italy, Spain}, i ̸ = j. The test statistic W follows a χ 2 (1) distribution under the null hypothesis of a i = a j . For a detailed discussion on the use of the bootstrap in hypothesis testing we refer to Cameron and Trivedi (2005) .
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Turning to our results, we first note that the estimates for the discount factor β are below unity, but exceed 0.99 for all of the four economies.
The money demand equation derived from the household's optimization problem implies an interest elasticity for real money holdings of −γ. We find small values of this elasticity with the correct sign for all regions, although the estimates for Italy and Spain turn out to be statistically insignificant. These results are in line with a large empirical literature detecting small interest rate elasticities of (broad) money demand (see Browne et al., 2005) .
Next, we turn to the estimates for the rigidity parameters. For all countries, both the adjustment cost parameters for capital ϕ K defined in subsection 2.2 and prices ϕ P defined in subsection 2.3 are significant. The latter is significantly higher in Italy and Spain compared to France and Germany at the 5% and 10% level, respectively.
To gauge the plausibility of the price adjustment parameters, we adopt the approach of Keen and Wang (2007) and translate the estimates of ϕ P into an average duration of quoted prices. For France and Germany we get an average duration of prices between six and seven months, respectively. The findings are supported for France by the results of Baudry et al. (2004) using French consumer price index (CPI) micro-data. Spain shows a higher degree of price stickiness implying an average of eight to nine months between price adjustments. This is in line with international micro evidence as reported in de Walque et al. (2006) . In the case of Italy we find an average duration of consumer prices of ten to eleven months, which is consistent with the evidence from Italian CPI micro-data reported in Fabiani et al. (2010) . Our findings are also confirmed by the result of analysis on consumer price changes conducted by Dhyne et al. (2006) , who identify Italy to have the lowest incidence of price changes, whereas France shows the highest frequency of price changes among the four regions.
Turning to the monetary policy reaction function, our estimates of ω π and ω µ are non-zero for all four countries, allowing at least for two possible interpretations of monetary policy (see subsection 2.4). Compared to France and Spain ω π is significantly higher in Germany (at the 1% level). This result might reflect the well-documented higher pre-occupation with inflation in this country. The point estimate of ω π for Italy is also well below the estimate for Germany, although insignificantly so. Concerning the positive estimates of ω µ our results are consistent with the findings of Andrés et al. (2006) for the euro area. It is important to note that for each of the four countries the estimates of ω µ and ω π sum up to a value greater than unity. Hence, the monetary policy rule is consistent with a unique rational expectations equilibrium (see Clarida et al., 2000) . For all countries the estimates of ω y are negative. However, they are insignificant, which makes it difficult to interpret this result as a hint for the presence of an endogenous money channel.
The estimates of e and z are not interesting from an economic policy point of view; they simply allow the steady state values of real balances and output in the model to match the average values of these variables in the data (see Ireland, 1997) .
The estimates of ρ a , ρ e , ρ x , ρ z , and ρ υ indicate a high persistence of the first four shocks, whereas the monetary policy shock is less persistent and even statistically insignificant for Italy. In the case of France, Germany, and Italy, the estimated standard deviations of the innovations are dominated by the ones of the investment shock, although the estimate of σ x turns out to be insignificant for Italy. This result is consistent with the findings of Justiniano et al. (2010) for the US. Hence, the marginal efficiency of investment shock is identified as the most important driver of business cycle fluctuations. For Spain the preference shock is the most volatile followed by the marginal efficiency of investment shock.
Testing for Parameter Instability
For each country tables 2 -5 report the parameter estimates and standard deviations in both sub-samples, while tables 6 -9 show the p-values of the QLR test on individual parameters as well as the p-values at each step of the ESS procedure. The set of stable parameters at the 10% significance level is denoted by S. To structure the following discussion, it is useful to divide the parameters into three groups: (i) private sector parameters: β, γ, ϕ P , ϕ K ;
(ii) monetary policy parameters: ω µ , ω π , ω y ; (iii) shock parameters: e, z, ρ a , ρ e , ρ x , ρ z , ρ υ , σ a , σ e , σ x , σ z and σ υ .
In the case of France, the QLR stability test indicates a significant break in 1994:Q3. Concerning the private sector parameters, table 6 reports instabilities of γ and ϕ P . The estimates of γ are lower in both sub-samples than in the full sample, the estimate for the 1980:Q1 to 1994:Q2 period is insignificant, however. Table 2 shows a sharp decline of the price rigidity parameter ϕ P . Further, we find significant changes in the monetary policy parameters ω y and ω π , both increasing in absolute values. Concerning the shock parameters, the ESS procedure identifies only the technology shock to be stable with respect to both persistence and volatility. The direction of change in the persistence of the remaining shocks is ambiguous, while we find an overall decline in the volatilities σ a , σ e , σ x , and σ υ .
For Germany we locate a break in 1994:Q2. We detect a significant break in 1994:Q4 for Italy. With respect to the private sector parameters, table 8 shows instabilities of γ, ϕ P , and ϕ K . According to table 4 the interest elasticity of money demand turns out to increase over time, while we find a significant decline in capital and price adjustment costs after the break. Concerning the monetary policy parameters, ω y appears to be stable over time, whereas ω µ and ω π both change significantly. More specifically, table 4 presents a sharp decline of ω µ and a substantial increase of ω π in the 1994:Q4 to 2008:Q3 period. With exception of ρ x , we find the persistence parameters to be unstable. While ρ a and ρ v increase, ρ e and ρ z turn out to decrease after the break. Regarding the volatilities of the five shocks, the ESS procedure identifies σ a and σ e to be stable, whereas σ v , σ x and σ z decrease over time.
Turning to Spain, we find a significant break in 1998:Q1. Moreover, we detect instabilities in the private sector parameters (γ, ϕ P , ϕ K ), the monetary policy parameters (ω µ , ω π ) and the shock parameters (e, z, ρ z , ρ υ , σ a , σ e , σ x , σ z and σ υ ). While ω µ decreases, ω π is significantly higher after the break (see table 5 ). Furthermore, we observe a sharp decline in capital and price adjustment costs. Regarding the persistence of the technology shock and the money policy shock, table 5 shows a decrease in both, while the latter declines sharply after the break. With the exception of the money 5 We cannot rule out a test bias due to the treatment of re-unification outlined in section 3.
13 demand shock, we also find a decrease in the volatilities of the shocks a t , x t , z t , and υ t .
Conclusions
Despite some scepticism voiced in the literature, DSGE models became a cornerstone of modern macroeconometrics leading to a high acceptance both in academia and central banking; see Tovar (2009) . Being firmly rooted in microeconomic foundations, this class of models is able to identify structural characteristics of economies that are not easily recovered from a necessarily parsimonious set of macroeconomic time series. Apart from their frequent use as a tool for the description and evaluation of monetary policy, DSGE models enable cross-country comparisons of such characteristics without having to resort to micro data (see Smets and Wouters, 2005) .
In this paper, we apply a New Keynesian model to French, German, Italian, and Spanish data and formally test for parameter stability over time. Parameter instabilities are detected by making use of the ESS procedure ( " Estimate of Set of Stable parameters") developed by Inoue and Rossi (2011) . This procedure allows to identify the parameters of the model that have changed at an unknown break date. In the cases of France, Germany, and Italy our results point to structural breaks in the mid-nineties after the beginning of the second stage of EMU, while the estimates for Spain show a significant break just before the start of the third stage of EMU in 1998. The most interesting result is that France, Italy, and Spain show significant changes in monetary policy behavior after the break dates, while monetary policy in Germany is found to be stable over time. Furthermore, France, Italy, and Spain show a significant decline in capital and price adjustment costs after the break. Moreover, we find at least four out of the five shocks to be either constant or declining after the break date for all economies under consideration.
On a methodological level, we could show that the use of DSGE models is able to shed some interesting light on the ongoing process of economic integration in Europe by allowing to look at the stability of structural and policy parameters both across countries and across time. This process yields numerous explanations for changes of allegedly " deep" parameters. We empirically show that it is indeed important to take such potential changes into account and formally test for them. 
